Japanese Patent Publication No. 46-20944 
(Published on June 12, 19 71) 

Japanese Patent Application No. 43-3401 
(Filed on January 20, 1968) 

Title of the Invention: Electron emission device 
Applicant: Matsushita Electric Industrial Co., Ltd. 

Brief Description of Drawings: 

FIG. 1 shows a top view illustrating an electron 
emission device according to an embodiment of the present 
invention, FIG. 2 shows a sectional view taken along a line 
A- A 1 shown in FIG. 1, and FIG. 3 shows a magnified view 
illustrating major parts for explaining the operation. 

Detailed Explanation of the Invention; 

The present invention relates to an electron emission 
device based on a new principle which utilizes the tunnel 
effect and the secondary electron emission without using 
the thermionic emission phenomenon. 

An explanation will be made below about the structure 
and the operation principle thereof. 

In FIGS. 1 and 2, reference numeral 1 indicates a 
glass substrate, and reference numeral 2 indicates a 
secondary electron emissive substance such as tin oxide 
(Sn0 2 ) which is formed on the substrate 1 and which is 
composed of electrode lead sections 2a, 2b disposed at both 
ends and band-shaped sections 2c provided therebetween with 
narrow spacing distances intervening therebetween. 
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When the electrode lead sections 2a, 2b are connected 
to a DC power source to apply a DC voltage with such 
polarity that the electrode lead section 2b is positive, a 
large electric field is formed at an end portion of a 
mutually opposing cross section of the band- shaped electron 
emissive substance 2c. The large electric field increases 
the probability of emission of electrons contained in the 
solid to the outside in accordance with the tunnel effect . 

On the other hand, the electric field is directed in 
the direction along the mutually opposing electron emissive 
substances. Accordingly, as shown in FIG. 3, the electrons 
eT, which are emitted in accordance with the tunnel effect, 
are accelerated by the electric field, and the electrons eT 
impact the mutually opposing secondary electron emissive 
substance 2c. Therefore, the secondary electron 
multiplication is performed by the impacted secondary 
electron emissive substance, and multiplied secondary 
electrons are formed in the impacted substance. Some of 
the secondary electrons eS may be highly possibly emitted 
to the outside of the solid again depending on the 
scattering angle. The present invention intends to utilize 
the electrons emitted as described above by leading and 
guiding the electrons in the direction perpendicular to the 
substrate 1 . 

The electrons, which inflow from the end 2a or 2b of 
the electrode as described above, are moved through the 
band- shaped electron emissive substance 2c one after 
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another while accompanying the secondary electron 
multiplication action . Thus , the electrons , which are more 
multiplied as compared with the tunnel electrons based on 
the simple substance, are emitted. 

If the mutually adjoining end surfaces of the mutually 
adjoining secondary electron emissive substances 2c are 
simple parallel flat plates, it is impossible to decrease 
the spacing distance therebetween so much in view of the 
machining accuracy. Therefore, if the applied voltage is 
not increased, then no large electric field is generated on 
the end surface, and the tunnel effect hardly occurs. 
However, in the present invention, projections, each of 
which has a small radius of curvature at the tip, are 
provided on one of the opposing surfaces of the secondary 
electron emissive substance. Accordingly, even when the 
applied voltage is not increased, then a high electric 
field is generated in a concentrated manner at the tip of 
the projection P, and the tunnel effect is easily caused. 
Consequently, it is possible to increase the number of 
emitted electrons . 

As described above, according to the present 
invention, the electrons, which are obtained in accordance 
with the tunnel effect, are subjected to the secondary 
electron multiplication. Further, the projections, each of 
which has the small radius of curvature at the tip, are 
provided on one of the mutually opposing surfaces of each 
of the mutually adjoining secondary electron emissive 
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substances. Accordingly, the high electric field is 
generated in the concentrated manner at the tip, and the 
electron emission is easily caused in accordance with the 
tunnel phenomenon. Thus, it is possible to obtain the 
large emission current at a low applied voltage. 

Claim: 

1. An electron emission device comprising two 
secondary electron emissive substances which are connected 
to a DC power source and which constitute electrode lead 
sections, and at least one secondary electron emissive 
substance which is provided between said two secondary 
electron emissive substances, wherein a projection, which 
has a small radius of curvature at a tip, is provided on a 
side of a mutually opposing end surface of said secondary 
electron emissive substance to which a negative voltage is 
applied. 

Reference document: Japanese Patent Publication No. 44- 
26125 
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